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TECHNOLOGY ASSESSMENT OF RDX PRODUCTION

MICHAEL D. COBURN

New Mexico Institute of Mining and Technology
SOCorro,New Mexico 8780 I

Abstract

The known processes for producing RDX were assessed with tie goal of
idcn[ifying the process that would generate the least waste and pollution. It was
concluded that the Bachman process employed at Holston AAP is the most
cconomicid process for producing RDX and that it probably produces less waste

than any odwr prcwcss. It was generally agreed that the entire Iiolston operation
is a vety clean one that complies with all federal and state emission standards. Ln
addition. a number of opportunities in which Holston could Educe their wastes
were identified. PnAiminary assessments of waste and pollution pmtllcs for
altcmmc materials, with emphasis on dual-use materials, wene performed.

I. JN’TR~~I ~TIQN1

This report summarizes the
activities of the Technology and
Assessment T~k A4. Subtask A:
Niuamines of the SERDP Program for
Ckm, Agile Manufacturing Technology
for propellants. Explosives and
Pyrotechnics. Team members arc
Michael D. Cohum (NMIMT),
Charles D. Brumley (Holston AAP).
Richard A. Hollins (NAWC). Philip
PJgoria (LLNL), Alfred G. Stcm
(NSWC), Robert B. Wardle (Thiokol).
Caruiyn Wcstcrdahl (ARDEC). The
primary effort of this suhtask for FY93
was to study the life cycle waste and
pollution protilc [or RDX production
with the goal of ruducing wiL..Ieand
pollution by W%. Wc were asked to
consider improvements in process
conditions. quipmcnt, and Ficilitics at
Holsmn AAP that would rcducc wutc
and pollution from the cumcnt Bachman
process and 10dckmninc if any altcmalc
routes (o RDX would he mow ou.ructivc
thtin the Bachmim process. In addition,
we were askwl to pcr[onn preliminary
wcssmcn~s 0( wmlc im.1pollution
protilcs for ahcrnutc m~twials, wi[h
emphasis on dwd-usc matcrhds.

II. APPROACH

A mwx.ing of this task force was
held November 30 through Dcccmbcr 2.
1993 at Holston AAP. Attendance at the
meeting was not restricted to team
members. but included members of the
Modeling & Simulation Task as WCIIas
a numtxr of obsemcrs and invited
contributors. An extensive toui of lhc
Holston litcilitics. which included the
acetic acidlacctic anhydridc and nitric
acid plants as well its tlw RDX
production und processing facilities, was
conductu.i. Overviews of the cumcnt
Bachman RDX and HMX process thw is
employed at Holston AAP and the
Woolwich RDX process that is
employed in the United Kingdom were
prc.scntcd by Larry SotSky (ARDEC). In
addilion. Lmy provided us with a copy
of a report by Day & Zimmernmnn,
“RDX/H,MX Technology Assessment in
Support of Project 5852528”, D & Z
Prujcct EE 29644) 1,25 May 1983. The
Hazardous Waste Minimization
(HAZMIN) study w Holston (April
1993) wus reviewed by Chitrlcy Bmmlcy
(a copy i~fthe cxccutivc summtiry of this
report is attached as Appendix A). An
[lvcrview of the GARDEC RDX prows
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was pmcntcd by Bill Lukasavagc
(GcoCcntcrs) am an economic analysis
of this process that was ~fl”ormcd hy
Holston (24 July 1990) was provided hy
Brumlcy. Following the di.scu.ssions
related to RDX synthesis, prclimirwry
mcssments of waste and pollution
proli]cs for altcmatc ma~rials were
pnxmtcd.

111. CONCUONS ANQ
OMMENDATIONS

A. RDX PRODUCTION

Bawd upon [hc tour. Souky’s
prc.scntations. and lhe Day &
Zimmcrmann report, which vaiidatcs Lhc
conclusions of two earlier key process
rcpm-ts].S,it was concluded that tie
B~chman process cmploywl at Holston
AAP is the most cconomicid process for
producing RDX and that il probably
produces less waste than the Woolwich
process. the only otlwr process cumcndy
used for RDX production. However.
bo[h proccsscs should bc modeled to
verify this conclusion. Larry !Wsky will
pcrkmrn the survey of the am-m
Bachmim process and provide the
inforrnittion required to the Modeling &
Simulation Task. Norman Paul (DRA.
Ft. Halstcud) has promised LOprovidu
dcluilcd materials itnd energy balarw
inlbrmation on tic Woolwich prowss in
current usc in the United Kingdom.

It was gcncrdly i.tgrccdthat the
entire Holston operation is a very clean
onc tlm comp]ics with all federal ml
stale emission standurds. The HAZMIN
study (Appendix A) idcntilkxi u numhcr
of opportunities in which Holsmn could
rcducc th(*irwastes. in udditiun, it wiIs
poinkxi OU[tha! solvent emissions could

‘ I IiI)’S. SCti~,Mimurn. id Muuwn, “’l”cdmiml
As,scssmcntd’ Pmccss“I”uchn(dq!yfor
Pr(nk%on 01 R1)X illi(l I IMX”, MiI)I 19N).
~SIMhWmI Rt.scamh Imlilult!. “’1’~thlkid

AS,SCWIIICIN01 KIIOWII Tw’hnolq!y, Ilmuslk’
illhl I;(muigtli (or I%oduulim d’ I?I)X illlll I [NIX”.
AugusI I(M).

bc dramatically rcduccd by installing
men’ cllicicnt comicn.scrs.

Suggestions that were po.scd by
team members conwming waste and
pollution al Holston arc as follows. Tlw
idea of using 85% awl ic imhydridc
instead O(the 98CAshould hc revisited.
Elimination of the Ilnal distillation step
in the production of 98% acetic
imhydridc and the resultant sludge would
significantly reduce Ihc waslc gcncrutcd
by the process. Inject the stack gas
(Nox + H20) from the niwic acid plant
inu~the N02 stream inslcad of vcn;ing it
into the atrnosphcrc. Mix lhc wwxc
RDX/HMX with fuel feed swck Ior tlw
powcrhou.sc instcwl of hurnin~ i! in Lhc
open. .Scll rclalivcl~ pure. bul \l!Y-
spccilication RDX Ior induswiul
applications with ICSSs[ringm
spccilicalions.

It was suggested thtit govcmrncnt
rcguliuions tind inwmtil Eastman policies
k modifiu.i so dwrc is mm inlcgralion.
For inswncc. both fiicililics mak acc[ic
imhydridc; l“urthmnorc, Holsmn malws
mum Lhunit needs. hut is not alloww.1hy
[hc govcmmcn( m SUIIthe CXCCSS.Silt
A waw strums could hc proccs,scd in
the Eastniun ultramodmn wu[cr
Lrcalmcnl plunl inslcad 0( iwing rclurrwd
live miles 10a Icss modern fiicilily.
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regulated. hazardous, carcinogenic
material. would be introduced at
Holston. Thus, the GARDEC process
was not considered for further evaluation
at Holston. The ElxAeprocess, which
was used to produce RDX at tlm
Bobingen plw’Nof Dynamit A. G..
consists of the simultaneous additi m of
fonnaldchydc. ammonium niuzite. and
acclic anhydride to the reaction v’esscl
such that tlw temperature of reaction is
controlled within the desired range. Tlw
yields of RDX are good. but the traction
is catalymd by a significant amount of
boron [ritluoride, which is
environmentally unfriendly. The
Triazinc or TR AT process tmws
acclonitrilc or acctamide with
formaldehyde to yield 1,3,5-
miacctylhcxahydrotriazine (TRAT),
which is nitrolymd to RDX wilh
HN03/P205,:1 laboratory source of
N205. Lukammge mportcd that he has
never been ublc to accomplish the Iaucr
nitrolysis satisfiictorily. The Wyslcr
process is the nitrolysis of hcxaminc
with HN03/P205° to yield RDX.
Although the Wyslcr process has been
disregarded over the years because of iLs
usc of P205 m gencmte N205, the
rcamt development of N205 technology
in the U. S. (MUSALL process at
Longhorn AAP) and more cxtcnsivcly in
[hc United Kingdom (DRA and ITC)
suggests (hat this process bc rewvaluatcd.

B. ALTERNATE MATERI.qLCJ

Preliminary life cycle waste and
pollution profile cstimams for the
folh)wing altcmatc or rmw mutcriids
were prwickxl by the tcarn members
indicatwk ammonium (Jinitrimidc
(ADN) und 5-ni[ro-2.4-dihy dro- 1,2.4-
u-iazolc-3-onc (NT(]) (Stcm),
2.4,6,8,10. 12-hcxanilro-2,4,6,8, 10,12-
hcxaazaisowurtzitarw (CL-20) (Hollins),
1,3,3-winil~~azctidinc (TNAZ) and 2,4-
diniwoirniditzolc (DNI) (Wcstcrdahl,
Cohurn), and HMX; MUSALL process
(Pagoria). GARDEC process
(Lukiwuvagc, Wcstcrduhl). In addition,
Al Stern provichxl a cornprchcnsivc

ovcmiew of N205 production in the
United Kingdom.

IWO and CL-20 have both been
produced on the pilot plant scale; thus.
reasonable materials balance data exist
for modeling. A-DNhas been prepared
on a kg Scale and waste streams wcm
estimated. TIN technologies for
producing TNAZ and DNI are not
sufficiently established at L~iS lime to
make reasonable waste stream
predictions. The MUSALL HM.X
process has been piloted al Longhorn
-P and good materidsbalancc
information is avaihtblc. Although the
GARDEC HMX process has not been
scaled to produce pilot plant quantities.
Luka.savage is confident that the procw
has hcsn optimized to the extent tiat
good materials balance estimates can h
midc and that HMX cart be produced by
this process for about the same cost as
RDX from the Bachman process.

Iv. ELmuw!YQRK

The initial goal for FY94 will bc
in-depth as.scssments of waste and
pollution prolllcs for a.ltcmatc materials,
wilh emphasis on dual-use materials.
The as.scssmm.s will be provided to the
Modeling & Simulation Task to select
[hc mos[ promising altcmate materials
and prowsscs for optimization and
dcmonswation by rncmbers of the
network in FY94-97.

Many of the dtemate materials
under considcrtilion require N205 for
their manufacture. Thus, an assessment
of N205 production will bc common to
the awswsmcnt of waste and pollulion
prolilcs of RDX (Wyslcr process) and
these tiltcmatc mutcrials, which include
HMX (MUSALL and GARDEC
prmwscs); ADN and other dinitramidc
salts; TNAZ; 4, l(k.linitro-4, lo-diazu-
2,6,8. 12-tctrtioxuisowu~zit~c” (TEX); 3-
nitriminwl-nitrofurazan (NNF) salts;
polv(glycidyl nitriitc) (PGN); and
oxc[arw monorncrs. The British. who,sc
N205 k!chnology is mom advitnctxl [hull
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ours. have qyced to coo~rate with us in
performing this assessment.

Alternate materials under
consideration that do not require NQ(.)5
in their synthesis include CL-20, NT().
DN1 and 1,3,5-triamino-2,4,6-
trinitrobenzene (TATB). Both CL-20
and DNI require nitric acid and acetic
anhydride for their synthesis. while N N)
and TATB require nitric acid.

Substitution of HMX for RDX in
both explosive and pro@lani
applications would provide products
with improved performance and may be
cost effective if I-IMXcould be produced
in a more inexpensive and
wastdpollution free process. ADN and
some of its salts are candidates f~r
minimum smoke propellant applicatkms
and may be suitable as gas gener~mrs for
airbags. Potassium dlnitramidc is n
phase stabilizer for ammonium nitrate in
pro@mt applications. TNAZ is a
unique melt-castable explosive with
pcriormance comparable to HMX. TkX
is an insensitive high explosive (lHE)
candidate and the NNF salts are useful
propellant ingredients and potential gas
generators for airbags under
investigation at Thiokol. Poly(glycidyl
nitmtc) and polyoxetanes are energetic
binders for propellants. CJ.-2O is mom
cnergclic than HMX in both explosive
and propellant applications. NT() and
DNI arc bo[h canciidatcs for IHE and
airbug applications. A castablc
TNT/NTO formulation has passed the
Air Force syinpathctic detonation tes[
and has performance comparable LO
Composition B. The Air Force is now
planning to pttparc a high-performimcc.
castuble TNAZNTO fonm.kttion.
TATB is the IHE u.scd in nuclear
weapons.

non-energetic precursors could be
obtained from commercial sources.
Such a plant would contain nitric acid,
acetic acidketic anhydnde, nitrogen
dioxideJdinitrogen tetroxide (N204), and
ckctrolytic N205 facilities, both for
production and recovery. Two of the
products (CL-20 and TAT’9) require
sulfuric acid and one (TATB) requires
ammoni~ The latter requirement would
be satisfied in the proposed plant
because nitric acid production starts with
ammonia. The symhcsis of ADN and
the other DN salts requires acetic
anhydridc. nitric acid, and N205m and
the synthesis of CI.-20 uscs acetic
anhydridc, nitric acid, and N@4; thus. a
plan, with all the propo.scd t’acilitics
would be ncccssary to prmtucc the.sc
materials. Nitric ucid and itcctic
acid/acetic anhydridc facilities ~xist at
tlw Holston AAP and on clcctrolylic
N~05 facility is in place at the Longhorn
AAP, hut all of these fiicilitics do not
exist at any onc plant in the United
!Natcs. The following .schcmc is a
simplillcd diagram relating the products
to the facilities.

In considering [hc synthesis
rcquircmcnLs for all of the ubovc
uncrgctic mi.ttcriuls, a concept has
cmcrgcd (or a truly agile nitmtion
Ficilily thut could Iw u.sw.i(o prcptirc till
ot’these matcriuls. assuming that tnc
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